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SUMMARY 

The r e s u l t s  of f l i g h t  measurements  of t h e  p e r f o r m a n c e  
and c o o l i n g  c h a r a c t e r i s t i c s  of t h e  XP-42 a i r p l a n e  e o u i p p e d  
w i t h  a s h o r t - n o s e  l o w - i n l e t - v e l o c i t y  c o w l i n g  a r e  g i v e n .  
T h e  t e s t s  i n c l u d e  measurements  i n  h i g h- s p e e d  l e v e l  f l i g h t  - 
a n d  i n  c l i m b  of t h e  e f f e c t s  o f :  (1) a s p i n n e r- m o u n t e d  
a x i a l - f l o w  f a n  w i t h o u t  p r o p e l l e r  c u f f s ;  (2) no f a n  o r  
c u f f s ;  and ( 3 )  t w o  d i f f e r e n t  s e t s  of p r o p e l l e r  c u f f s .  
T h i s  c o w l i n g  i s  one  of a s e r i e ~  b e i n g  t e s % e d  i n  a n  e f f o r t  
t o  improve t h e  c h a r a c t e r i s t i c s  o f  r a d i a l  a i r - c o o l e d  e n g i n e  
i n s t a l l a t i o n s .  

The maximum s p e e d  of t h e  a i r p l a n e  w i t h o u t  f a n  o r  
c u f f s ,  when c o r r e c E e d  t o  mi$.itary power ( 1 O O G  hp a t  14,500 
f t ) ,  was 3 4 3  m i l e s  p e r  h o u r ;  w i t n  No.  2 c u f f  s e t ,  342 m i l e s  
p e r  h o u r ;  w i t h  N o ,  1 c u f f  s e t  o r  w i t h  t h e  f a n ,  3 3 9  m i l e s  
p e r  hour .  

The c o o l i n g - a i r - p r e s s u r e  rectovery on t h e  f r o n t  o f  
t h e  e n g i n e  i n  t h e  h i g h- s p e e d  l e v e l - f l i g h t  c o n d i t i o n  a v e r -  
a g e d  7 6  p e r c e n t  of f r e e - s t r e a m  impac t  p r e s s u r e  w i t h o u t  
f a n  o r  c u f f s ,  77 p e r c e n t  w i t h  c u f f s  2 ,  8 0  g e r c e n t  w i t h  ' 

c u f f s  1, and 84 p e r c e n t  w i t h  t h e  a x i a l - f l o w  f a n .  I n  f u l l -  
power c l i m b  a t  140  m i l e s  p e r  h o u r  a t  1 4 , 0 0 0  f e e t ,  t h e  p r e s -  
s u r e  r E c o v e r i e s  were  7 4 ,  8 4 ,  8 4 ,  and 97 p e r c e n t  of f r e e -  
s t r e a m  impac t  p r e s s u r e  i n  t h i s  same o r d e r .  

GroundLcoo-l ing t e s t s  showed t h a t  e n g i n e  c y l i n d e r  and 
a c c e s s o r y  t e m p e r a t u r e s  were a p p r e c i a b l g  h i g h e r  w i t h o u t  
f a n  o r  c u f f s .  O i l - i n  and r e a r - s p a r k - p l u g - e l b o w  t e m p e r a-  
t u r e s  exceeded  t h e i r  l i m i t s  - i n  t h i s  c o n d i t i o n  when c o r-  
r e c t e d  t o  Army s t a n d a r d s .  
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I N T R O D U C T I O N  

The NACk i s  c o n d u c t i n g  a n  e x t e n s i v e  s e r i e s  of f l i ' g h t  
t e s t s  o f  s e v e r a l  t y p e s  o f  c o w l i n g ,  as  o u t l i n e d  i n  r e f e r -  
e n c e s  1 and 2 ,  i n  a n  a t t e m p t  t o  improve t h e  c h a r a c t e r i s -  
t i c s  o f  r a d i a l  a i r - c o o l e d  e n g i n e  i n s t a l l a t i o n s ,  The 
c o n d i t i o n s  s o  f a r  i n v e s t i g a t e d  i n c l u d e :  

T e s t  

1 

2 

3 

4 

7 

8 

9 

10 

11 

A i r p l a n e  and  f l i g h t  c o n d i t i o n  

Long-nose h i g h - i n l e t - v e l o c i t y  c o w l i n g  w i t h  
smal l  cowl f l a p s ;  h i g h  s p e e d  

Long-nose h i g h - i n l e t - v e l o c i t y  c o w l i n g  w i t h  
m o d i f i e d  cowl f l a p s ;  c l i m b  

S h o r t  -nos  e h i  gh - i  nl e t -v e 1 o c i t  y- c ow 1 i ng  with 
small c o w l  f l a p s ;  h i g h  s p e e d  

S h o r t  - nos e 1 ow- i nl e t  -v e 1 o c i t y c o w l  i ng 1s i t  h 
sp inner- mounted  a x i a l - f l o w  f a n ,  c u f f s  1, 
and  s m a l l  cow1 f l 3 - g ~ ;  h i g h  s p e e d  

S h o r t  -n o s  e 1 ow- i  n l  e t  - ve 1 oc i t y cow 1 i n g  w i  t h 
f a n ,  c u f f s  1, and m o d i f i e d  cobrl  f l a p s ;  
c l i m b  

S h o r t- n o s e "  l o w - i n l e t - v e l o c i t y  c o w l i n g  w i t h  
f a n ,  c u f f s  1, ani3 m o d i f i e d  cowl f l a p s ;  
h i g h  s p e e d  

S h o r t- n o s e  l o w- i n l e t  - v e l o c i t y  c o w l i n g  w i t h  
f a n ,  c u f f s  1,  and q i o d i f i e d  cowl f l a p q ;  
b a f f l e  s e a l  s t r i p s  a t  b a s e  o f  c y l i n d e r 3  
removed; h i g h  speed  

S h o r t  - nos e .1 o w- i n l e t  - ve 1 oc i t y  c o w l i n g  v i  t h  
f a n  o n l y ;  h i g h  speed  

S h o r t- n o s e  l o w - i n l e t - v e l o c i t y  c o w l i n g  w i t h  
f 3 n  o n l y ;  c l i m b  

S fi o r t - n o 8 e 1 ow - i r- 1 e t - v e 1 o c i t y c ow 1 i n g w i t h - 
o u t  f a n  o r  c u f f s ;  c l i m b  

Sh o r t -n o s e 1 ow- i n 1 e t -v e 1 o c i t y c ow 1 i n g w i t h - 
o u t  f a n  o r  c u ' f f s ;  h i g h  s p e e d  
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1 2  

13 

14 

1 5  

Sh o r.t -n.o s'e 1 ow - i n 1 e t  6v:e 1 o c  i t y c ow li ngl . w i t h  
cuf.fs -1 ,' w i t h o u t  f a n ;  k i g h  ':spe.ed 

Sh o r t- n  u s e 1 ow- i. n l  e t  --v el.oc i t y c ow 1 i ng w i t h  
cuff's L, w i t h o u t  f a n ; .  u l imb  

Sh o ret -n o s e 1 . 0 ~ -  i n 1  e:t -v e-1 0 c i t y ' c  o y  1 i n g  w i t  h 
c u f f s  2, w i t h o u t  f a n ;  c l i m b  

Short-n0s.e  1 o w- i n l e t- v e l  oci . t$  c o w l i n g .  w i t h  
c u f f s  .2, w i t h a u t  f a n ;  h i g h  speed  

$'he r e s u l t s  o f  t e e t s  1 and  2 a r e  dexcri::b.:ed i n  r e f e r -  
e n c e  l., o f  t e s t  3 i n  r e f e r e n c e  2, and o f  t . e s % s  ,4 t o  7 i.n 
r e f e r e n c e  3, The p r e s e n t  p a p e r  g i v e s  t h e  r e s u l t s  o f  , 

t e s t s  8 t.0 15, which  . r e p r e s e n %  h i g h- s p e e d  and c l imb  t e s t e  
o f .  v a r i a t i o n s  of t h e  f a n  and- . c u f f  a r r a n g e m e n t  on t h e  
cov3i .ng d e s c r i -b e d  i n  r e f e r p n c e  3 ,  

.'?he, d e s i g n  o f  t h e  c o w l i n g .  and e n g i n e  i n s t a l l a t i o n  
was a p r o j e c t  .of t h e  Air- Cooled  E n g i n e , - I n s t a l l a t i o n  Group 
s t a t i o n e d  a t  t h e  L a b o r a t o r y ,  The members o f  t h e  g r o u p  
a s s o c i a t e d  w i t h  t h i s  p r o j e c t  i n c l u d e d  M r ,  ilowa-rd S .  D i t s c h  
o f  t h e  C u r t i s s- W r i g h t  C o r p o r a t i o n ,  Mr. P e t e r  T o r r a c o  o f  
t h e  R e p u b l i c  A v i a t i o n  C o r p o r a t i o n ,  Mr, W i l l i a m  S. Richa rds  
o f  t h e  Wright '  A e r o n a u t i c a l  C o r p o r a t i o n ,  a n d  M r ,  James R. 
Thompson o f  P r a t t  B Whitney A i r o r a f t ,  The M a t e r i e l  
Command, Army Air F o r c e s ,  s p o n s o r e d  t h e  i n v e s t i g a t i o n  and 
s u p - o l i e d  t h e  Xp-42 a i rp .J ,dne ,  The Cprt iss-Wright  Corpora-  
t i o n ,  A i r p l a n e  D i v i s i o n ,  h a n d l e d  t h e  c o n s t r u c t i o n  a s  w e l l  
a s  t h e  sCruc tu ra3 .  and d e t a i l  d e s i g n  o f  t h e  c o w l i n g  and  
s u p p l i e d  p e r s o n n . e l  t o  a s s i s t  i n  t h e  s e ' r v i c i n g  and main-  
t e n a n c e  of t h e  a i r p l a n e  a n d  c o w l i n g  d u r i n g  t h e  t e s t s .  
P r a t t  & Whitney A i r c r a f t  p r e p a r e d  t h e  e n g i n e  and t o r q u e  . 
m e t e r  f o r  t h e  t e s t s . a n d  a s s i s t e d  i n  t h e  o p e r a t i o n  and 
s e r v i c i n g  o f  t h e  e n g i n e ,  The p r o p e l l e r ,  c u f f s ,  a n d  s p i n -  
n e r  were  s u p p l i e d  by  t h e  C u r t i s s- W r i g h t  C o r p o r a t l o n ,  
P r o p e l l e r  D i v i s i o n .  

XP-42 AIRPLANE WITH SHORT-WQSE. LO!q-INLET-V3LOCITY C O W L I N G  

The XP-42 a - i r p l a n e  u s e d  i n  t h e  t e s t s  i s  d e s c r i b e d  i n  
r e f e r e n c e s  1 and 2. The i n s t a l l a t i o n , o f  t h e  s h o r t - n o s e  
l o w- i n l e t - v e l o c i t y  c o w l i n g ' a n d  f a n  i s s  d e s b r i b e d  i n  r e f e r -  
e n c e  3. F i g u r e  1 i s  a d i m e n s i o n e d  ,d rawing  of t h e  cowzing 
ehowing b o t h  t h e  f a n  a n d  t h e  cuff,;,s; i n  p l a c e ,  F i g u r e  2 i s  
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3 s i d e  v iew o f  t h e  a i r p l a n e  w i t h  cuff  1 and  w i t h  m o d i f i e d  
c.Owl, f l a p s .  F i g u r e  3 shows  a c l o s e- u p  o f  t h e  a o w l i n g  
a f t e r  t h e  f a n  b l a d e s  had b e e n  machined o f f  and w i t h  cu f f  
2 i n  p l a c e .  The small a d j u s t a b l e  c o w l  f1ap.s o r i g i n a l l y  
p r o v i d e d  a r e  shown 'in t h e  open p o s i t i o n .  The e x t r a  f l a p s  
f o r  c o o l i n g  i n  c l i m b ,  which a r e  a d j u s t a b l e  on t h e  g r o u n d  
only. ,  a r e  shown i n  t h e  c l o s e d  p o s i t i o n ;  

As o r i g i n a l l y  p l a n n e d ,  t h e r e  was t o  b e  a d i f f e r e n c e  
o f  5' a t  t h e  s p i n n e r  be tween  t h e  p i t c h  of  t h e  t w o  s e t s  of  
c u f f s ,  a l l  o t h e r '  c h a r a c t e r i s t i c s  b e i n g  t h e  same, A f t e r  
c u f f  2 was f i t t e d ,  measurements  showed t h e  a v e r a g e  ' p i t c h  
a n g l e  o f  c u f f  2 t o  b e  a p p r o x i m a t e l y  ll/zo h i g h e r  t h a n  t h a t  
o f  c u f f  1, The cuff  s e c t i o n s  a t  t h e  1 4- i n c h  r a d i u s  a r e  
shown i n  f i g u r e  4 ,  F i g u r e  5 compares t h e  a v e r a g e  s e c t i o n  
o f  e a c h  s e t  by . s u p e r p o s i n g  t h e  s t r a i g h t  p o r t i o n  o f  t h e i r  
mean l i n e b  A1.though i n d i v i d u a l  c u f f s  of e i t h e r  s e t  v a r i e d  
o n l y  s l i g h t l y  i n  s h a p e  f r o m  t h e  a v e r a g e  f o r  t h e  s e t ,  i t  
was f o u n d  t h a t  i n d i v j d u a i  c u f f  a n g l e s  o f  t h e  c u f f  2 s e t  
v a r i e d . . f r a m  30.8' t o  33.5'. Cluff a n g l e 9  of t h e  c u f f  1 
s e t  v a r i e d  o n l y  &0,lo f r o m  t h e  a v e r a g e .  

The a i r p l a n e  a s  p r e g a r e d  f o r  t h e  t e s t s  weighed a b o u t  
6000 pounds  w i t h  a 1.75-pound p i l o t  a n d  f u l 1 . t a n k s .  I t  
r e t a i n e d  t h e  s t -andard  a e r i a l  b u t  had  n o  .prov. i s fon  f o r  
guns  . 

TEST APPARATUS AND PROC.EDUBE 

The i n s t a l l a t i o n  o f  t h e .  t e s t  equipment  was d e s c r i b e d  
i n  r e f e r e n c e  2, 

Speed and  c o o l i n g  c h a r a c , t e - r i s t i c s  i n  l e v e l .  f l i g h t  
w i t h  m i l i t a r y  po.wer were  d e t e r m i n e d  by making l e v e l  r u n s  
a t  f u l l  t h r o t t l e  a t  2700 r p . m  a t  .arid above  thc e n g i n e  
c r i t i c a l  a l t i t u d e ,  a s  d e s c r i b e d  ir, r e f e . r e n c e  2, Two  
f l i g h t s  of f i v e  r u n s  each  were  made f o r  e a c h  h i g h- s p e e d  
t e s t  c o n d i t i o n .  The r a n g e  o f  a l t i t u d e s  i n v e s t i g a t e d  was 
f r o m  1 4 , 0 0 0  t o  20 ,000  f e e t ,  

F o r  c l i m b  t e s t s  w i t h  a l l  c o w l i n g  a r r a n g e m e n t s ,  t w o  
c o n d i t i o n s  h a v e  b e e n  i n v e s t i g a t e d :  (1) c l i m b , .  a t  155 
m i l e s  p e r  h o u r  i n d i c a t e d  a i r s p e e d  i n  a u t o m a t i c  r i ch ,  w i t h  
m a n i f o l d  p r e s s u r e  l i m i t e d  t o  40 i n c h e s .  o f  mercury a n d  (2) 
c l i m b  a t  140 m i l e s  p e r  h o u r  i n d i c a t e d  a i r s p e e d  i n  f u l l .  
r i c h ,  w i t h  m a n i f o l d  p r e s s u r e  1 imi tc .d  t o  43ll2 i n c h e s  o f  

d 



m e r c u r y '  t o  7000 f e e t ,  , then  42l/' i n c h e s  t o  f u l l  t h r o t t l  
F o r  t e s t s - 1 3  and  1 4 ,  a t h i r d .  c o n d i t i o n  w a s  i n v e s t i g a t e  
cl'kmb -at an  i n d i c a t e d  a i r s p e e d  o f  140 m i l e s  p e r  h.our w i t h  
c a r b u r e t o r  s e t t i n g  i n  a u t o m a t i c  r i c h ,  w i t h  %he  m a n i f o l d  
p r e s s u r e  l i m i t e d  t o  .40 i n c h e s  o f  m e r c u r y ,  

On t w o  o c c a s i o n s  ( w i t h  f a n  on ly  a n d * @ i t h  cuff , s  2 )  
d u r i n g  t h e  1.40-mile-per-hour c l i m b s  w i t h  t h e  m a n i f o l d  
p r e s s u r e s  p r e v i o u s l y  s p e c i f i e d  f o r  f u l l - r i c h  o p e r a t i o n ,  
t h e  m i x t u r e  c o n t r o l  was i n a d v e r t e n t l y  l e f t  i n  a u t o m a t i c  
r i c h  f o r  t h e  f i r s t  p a r t  o f  t h e  climb-; $hen changed t o  
f u l l  r i c h ,  

A l l  d a t a  w e r e  r e c o r d e d  a u t o m a t i c a l l y  and c o n t i n u o u s l y  
d u r i n g  t h e  c l i m b s .  Under t h e s e  c o n d i t i o n s ,  a " r u n "  was 
t a k e n  as t h e  p e r i o d  o f  t i m e  f o r  one c y c l e  o f  t h e  p r e s s u r e  
swi t ch  o r  of t h e  t h e r m o c o u p l e  s w i t c h ,  

The t e s t s  were  made i n  t h e  f o l l o w i n g  s e q u e n c e :  

( 1 )  T e s t  9 ( c l i m b ,  f a n  o n l y )  

( 2 )  T e s t  8 ( h i g h  s p e e d ,  f a n  o n l y )  :? 

( 3 )  T e s t  1 0  ( c l i m b ,  no ifan o r  c u f f s )  

( 4 )  T e s t  11 ( h i g h  s p e e d ,  n o  f a n  6'r c u f ' f s )  

( 5 )  T e s t  15  ( h i g h  s p e e d ,  c u f f s  2 )  

(6) T e s t  1 2  ( h i g h  s p e e d ,  c u f f s  1 )  

( 7 )  T e s t  13 ( c l i m b ,  c u f f s  1) 

( 8 )  T e s t  1 4  ( c l i m b ,  c u f f s  2) 

The a i r p l a n e  and e n g i n e  were  g i v e n  a 50- hour  cheok  be tween  
t e s t s  11 .and 15, D u r i n g  t h e  c h e c k ,  t h e  s p a r k  p l u g s  were  
changed  and v a l v e  c l e a r a n c e s  r . e s e t ,  

G r o u n d- c o o l i n g  t e s t s  were  made f o r  t h r e e  o f  t h e  four  
i n s t a l l a t i o n s :  w i t h o u t  f a n  .o r  c u f f s ,  w i t h  c u f f s  1, and  
w i t h  o u f f s  2. The t e s t s  were  made by r u n n i n g  1 0  m i n u t e s  
a t  1 3 8 0  rpm, 5 m i n u t e s  i d l i n g ,  and 1 0  m i n u t e s  w i t h  t h e  
e n g i n e  c u t  o f f .  T e m p e r a t u r e s  were r e c o r d e d  c o n t i n u o u s l y  
d u r i n g  t h e  t e s t s ,  
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Neasurements  o f  t h e  p r o p e l l e n - c u f f  s e c t i o n s  were  ob- 
t a i n e d  by p h o t o g r a p h i c  meang, A r u b b e r  e t r i p  112 i n c h  
t ih ick  was l a i d  a r o u n d  t h e  c u f f  i n  a p l a n e  p e r p e n d i c u l a r  
t o  t h e  b l a d e  a x i s  a n d  a p p r o x i m a t e l y  14 i n c h e s  f r o m  t h e  
a x i s  o f  r o t a t i o n  o f  t h e  p r o p e l l e r .  S t h i n  f l a t  s t e e l  b a r  
was l a i d  on t h e  p r o p e f l e r - b l a d e  c h o r d  a t  t h e  4 2 - i n c h  
r a d i u s ,  P h o t o g r a p h s  were  t h e n  t a k e n  w i t h  t h e  b l a d e  a x i s  
v o i n t i n g  d i r e o t l y  i n t o  t h e  t e l e s c o p i c  camera ,  which  was 
-p laced a p p r o x i m a t e l y  40 f e e t  Prom t h e  c u f f ,  The r e s u l t  
w a s  a n  o u t l i n e  o f  t h e  c u f f  s e c t i o n  w i t h  t h e  c h o r d  l i n e  a t  
t h e  42- inch r a d i u s  s u p e r p o s e d  upon i t  as a r e f e r e n c e .  

S Y r n O L S  

0 d e n s i t y  r a t i o  

Q p r o - p u l s i v e  e f f i c i e n c y  

S wing a r e a  

a impac t  p r - e s s u r e  

Q volume f l o w  o f  f r e e  a i r ,  c u b i c  f e e t  per m i n u t e  
C 

Ap a v e r a g e  pressure d r o p  a c r ~ s s  e n g i n e ,  i n c h e s  o f  w a t e r  

Ca d r a g  c o e f f i c i e n t  

p 3 b s e r v e d  p r e s s u r e  above  f r e e - s t r e a n  s t a t i c  p r e s s u r e ,  
i n c h e s  o f  w a t e r  

RESULTS .AND D L S G U S S I O N  

The d a t a  o b t a i n e a  i n  t r i e  h i g h- s p e e d  and c l i m b  t e s t s  
a r e  g i v e n  i n  t a b i e s  I ( a ) ,  T ( b ) ,  and 11. The main e l imb-  
t e s t  d a t a  a r e  shown i n  f i g u r e s  6 t o  9 i n  t h c  f o r m  o f  t i m e  
h i s t o r i p s  o f  t h e  c l i m b s ,  

N a x i m u m  Speed  

T h e  v a l u e s  o f  maximum s p e e d  a n d  power o b t a i n e d  d u r -  
i n g  t e s t s  8 ,  11, 12, and 15 a r e  p l o t t e d  a g a i n s t  d e n s i t y  
a l t i t u d e  i n  f i g u r e  1 0 ,  Inasmuch as  t h e  s p e e d  f i g u r e s  are 

4. 

L 

a 
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s n o t  d i r e c t l y  comparab le  b e c a u s e  o f  d i f f e r e n c e s  i n  power ,  
rT t h e y  have  be.en r e d u c e d  i n  f i g u r e  11 t:o. t h e  paramet.e .rs  
(h 
0 

a QQ a n d  r e p r e s e n t  a t  i v e  of t h e  e f f e c t i y e  power ,  

5 2.7 r e p  r s P n t a t  i v e o f t h.e a e  r ody na,mi c r e f i n P - 
cD 

n e n t .  The p r o d u c t  of  t h e s e  p a r a m e t e r s  i s  t h e  a i r p l a n e  
s p e e d ,  I t  i s  e v i d e n t  t h a t  t h e  i n s t a l l a t i o n  h a v i n g  t h e  

h i g h e s t  v a l u e  o f  t h e  p a r a m e t e r  5 2 . 7 3 ( g p  w i l l  h a v e  

t h e  h i g h e s t  s p e e d  a t  a g i v e n  power a.nd a l t i t u d e .  

Measurements  d e s c r i b e d  i n  r e f e r e n c e  3 showed t h a t  
t h e .  a d d i t i o n  o f  t h e  f i x e d  cowl f l a p s  i n  t h e  c l o s e d  p o s i -  
t i o n  r e d u c e d  t h e  t o p  s p e e d  by t w o- t h i r d s  o f  1 p e r c e n t ,  
o r  2 m i l e s  p e r  h o u r ,  f r o m  t h a t  o b t a i n e d  w i t h  t h e  o r i g i n a l  
cowl f l a p s ,  B e c a u s e  t h e  d r a g  of  t h e  m o d i f i e d  cowl f l a p s  
i s  c o n s i d e r e d  t o  b e  e x c e s s i v e  i n  c o m p a r i s o n  w i t h  t h e  d r a g  
o f  t h e  b e s t  niodern c o w l- f l a p  d e s i g n s ,  t h e  s p e e d s  o b t a i n e d  
w i t h  t h e  m o d i f i e d  coinrl f l a p s  s h o u l d  b e  c o r r e c t e d  t o  t h e  
o r i g i n a l  c o w l - f l a p  c o n d i t i o n  by  a d d i n g  a p p r o x i m a t e l y  2 
m i l e s  p e r  h o u r  when c o m p a r i s o n s  w i t h  o t h e r  i n s t a l l a t i o n s  
a r e  made. T h i s  c o r r e c t i o n  h a s  been i n c o r p o r a t e d  i n  t h e  
d a t a  p l o t t e d  i n  f i g u r e  1 2 ,  which  p r e s e n t s  a c o m p a r i s o n  o f  
t h e  s p e e d s  o b t a i n e d  w i t h  t h e  v a r i o u s  c o w l i n g  a r r a n g e m e n t s  
t e s t e d  on t h e  XP-42  a i r p l a n e .  P o i n t s  o b t a i n e d  by t h e  
Army f o r  s i m i l a r  a i r p l a n e s  w i t h  c o n v e n t i o n a l  a i r - coo1 .ed  
(P -36A)  and l i q u i d - c o o l e d  (P-4QC) i n s t a l l a t i o n s  a r e  a l s o  
shown. 

E x a m i n a t i o n  o f  f i g u r e  1 2  shows t h a t ,  i f  i n  e a c h  c a s e  
t h e  e n g i n e  had d e l i v e r e d , i t s  r a t e d  m i l i t a r y -p o w e r  (1000 

hp a t  1 4 , 5 0 0  f t ;  - b h p  = 1 5 6 4 ) ,  t h e  spe-eds o b t a i n e d  would CY 

h a v e  b e e n  a s  f o l l o w s :  
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A i r p l a n e  c o n d i f i o n  

.Long n b s e  w i t h ”  c u f f s  
S h o r t- n o s e  h i g h - i n l e t  v e l o c i t y  w i t h  

c u f f s  
Sh o r  t -n 0-s e 1 ow - i n 1 e t  -v e 1 o C i t y t 

With f a n  a n d  c u f f s  1 
Fan o n l y  
C u f f s  1, n o  f a n  
Cuffs 2, no f.an 
No f a n  o r  c u f f s  

Maximum s p e e d  a t  
1000 hp a t  14j500 f’t 

(mph 1 

344 

339 

337 
339 
339 
342 
34 3 

The c o m p a r i s o n  shows  t h a t  t h e  u s e  o f  f a n s  o r  p r o p e l -  
.1er  c u f f s  f o r  i n c r e a s i n g  a v a i l a b l e  c o o l i n g  p r e s s u r e 3  re-  
s u l t e d  in a s l i g h t  d e c r e a s e  i r -  speed .  

The d i f f , e r e n o - e  i n  maximum pljefed o . b t a i n e d  wilth c u f f s  
1- and w i t h  c u f f s  2 i s . l a r g e r  t h a n  would  b e  e x p e c t e d  f r o m  
t h e  6mal.l d i f f e r e n c e s  b e t w e e n  t h e  c u f f s ,  a l t h o u g h  t h i s  
r e s u l t  i s ,  t o  some  e x t e n t ;  Bappor.t.ed By t h e  d i f f e r e n c e  . i n  
c o o l i ’ n g- a i r  p r e s s u r e s  on t h e  f r o n t  o f  % h e  e n g i n e .  

P r e s s u r e s  a n d  Tempera t .ures  

The a v e r a g e  e ~ o l i n g - a i r  p r e s s u r e s  o n  t.be e n g i n e  a r e  
l i s t e d  i n  -t a b l e  -11.1. ‘ fo r  b:oth t h e  c l i m b :  End t h e  h i g h- s p e e d  
conditions. The p r e s s u r e s .  ‘on t h e ’  f r o n t  o f  t h e  en ,g ine  i n  
t h e  h i g h- s p e e d  z e s e l - f l i g h t  c o n d i t i o n  a v e r a g e d  0’. 84~1, 
w i t h . f a n ,  O.80qc w i t h  c u f f s  1, 0,7?qc  wi’th c u f f s  2 ,  and  
O;?6qc .withou, t  f a n  o r  c u f . f s .  The . & i s t r i b u t i o n  of t h e s e  

p r e s s u r e s  a r o u n d  t h e  e n g i n e  f o r  t y p i c a l  l o c a t i o n s  on t h e  
c y l i n d , e r s  i s  shown i n  f i g u r e  La. The v a l u e s  p l o t t e d  a r e  
t h e  a v e r a g e  v a l u e s  o b t a i n e d  d u r i n g  10 r u n s  f o r  e a c h  l o c a -  
t i -on  of p r e s s u r e  measurement .  The ‘ p l o t t e d  p o i n t s  show 
t h a t  t h e  f a n  and c u f f s  h a d  o n l y  minor e f f e c t s ’  on t h e  p a t -  
t e r n  o f  p r e s s u r e  d i s t r i b u t i o ‘ n ’ - a l t h o u g h  t h e y  r a i s e d  t h e  
g e n e r a l  p r e s s u r e  l e v e l ,  

The f a c t  t h a t  t h e  r e a r  p r e s s u r e s  v a , r i e d  b e t w e e n  i n -  
s t a l l a t i o n s  s o  a s  t o  m a i n t a i n  a l m o s t  a c o n s t a n t  p r e s s u r e  
d r o p  a o r o s s  t h e  e n g i n e  r e g a r d l e s s  o f  t h e  f r o n t  p r e s s u r e s  
was l a r g e l y  a c c i d e n t a l ,  as i t  w a s  d i f f i c u l t  t o  r e t u r n  t h e  
cowl f l a p s  t o  t h e  same s e t t i n g  each  t i m e .  When t h e  cowl- 
f l a p  s e t t i n g  r e m a i n e d  unchanged  be tween  t e s t s  w i t h  c u f f s  
2 and w i t h  c u f f s  1, t h e  r i s e  i n .  r e a r  p r e s s u r e s  was 

J 
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appr 'ox imate ly  one- ha l f  t h e  r i s e  i n  f r o n t  p r e s s u r e s ,  which 
Was' abou t  t h e  v a r i a t i o n  t o  b e  e x p e c t e d  f r o m  the .  r e l a t i v e  
c o n d u c t i v i t i e s  of e n g i n e  a n d  s k i r t  e x i t ,  

P i g u r e  14 shows t h e  d i s t r i b u t i o n  o f  c o o l i n g - a i r  
* p r e s s u r e s  f o r  a 140-mi le -pe r -hour  c l imb p l o t t e d  as  i n  
f i g u r e  13, The p o i n t s  ' f o r  e a c h  i n s t a l l a t i o n  were t a k e n  
from r u n s  a t  a p p r o x i m a t e l y  t h e  same a l t i t u d e ,  1 3 ; O O O  t o  
14,000 f e e t .  Beoause  t h e y  a r e  no t  a v e r a g e d  over  a s e r i e s  
o f  r u n s ,  t h e  i n d i v i d u a l  v a l u e s  may b e  s u b j e c t  t o  e r r o r s  
of a p p r o x i m a t e l y  A 4  p e r c e n t ,  F i g u r e  '14 s h o w s  t h a t ,  i n  
c l i m b  a s  i n  t h e  h i g h- s p e e d  c o n d i t i o n ,  t h e  f a n  a n d . c u f f s  
had no i m p o r t a n t  e f f e c t  on t h e  p a t t e r n  o f  p r e s s u r e  d i s -  
t r i b u t i o n  a r o u n d  t h e  e n g i n e .  For t h e  c o n d i t i o n  o f  t h e  
a i r p l a n e  w i t h o u t  f a n  o r  c u f f s ,  t h e  f r o n t  p r e s s u r e s  a v e r -  
aged  0.74qc;  w i t h  e i t h e r  c u f f s  1 o r  c u f f s  2 ,  0 , 8 4 q c ;  and  
w i t h  t h e  f a n ,  0 , 9 7 q c ,  These  v a l u e s  a r e  q u o t e d  f o r  140- 

, m i l e- p e r- h o u r  c l i m b s  f o r  c a r b u r e t o r  s e t t i n g s  i n  f u l l  r i c h  
a t  13,000 t o  1 4 , 0 0 0  f e e t ;  t h e  same v a l u e s  were  o b s e r v e d  
w i t h  c u f f s  1 and c u f f s  2 a t  1 4 0  m i l e s  p e r  h o u r  I n  a u t o m a t i c  
r i c h ,  I n  t h e  c l i m b s  a t  1 5 5- m i l e s  p e r  h o u r  i n d i c a t e d  air- 
s p e e d  i n  a u t o m a t i c  r i c h  a t  t h e  same a l t i t u d e ,  t h e  v a I u e s  
were  0 ,75qc  w i t h o u t  f a n  o r  c u f f s ,  0 ,82q ,  w i t h  e i t h e r  c u f f s  1 

o r  c u f f s  2, a n d  0 ,95q ,  w i t h  t h e  f a n ,  

I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t ,  when no f a n  n o r  c u f f  
was u s e d ,  t h e  p r e s s u r e  r e c o v e r y  on t h e  f r o n t  o f  t h e  e n g i n e  
r e m a i n e d  v e r y  n e a r l y  t h e  same p e r c e n t  o f  f r e e - s t r e a m  i m -  
p a c t  p r e s s u r e '  i n  c l i m b  a s  a t  h i g h  s p e e d ,  T h i s  factr i n d i -  
c a t e s  t h a t  t h e  f l o w  t h r o u g h  t h e  c o w l i n g  remained  s t a b l e  
t h r o u g h  t h e  u s e f u l  r a n g e  d f  a n g l e s  of a t t a c k ,  

The d i s t r i b u t Y o n  o f  c y l i n d e r  t e m p e r a t u r e s  a r o u n d  t h e  
e n g i n e  i n  t h e  f u l l - t h r o t t l e  l e v e l - f l i g h t  c o n d i t i o n  i s  
i l l u s t r a t e d  i n  f i g u r e  15,  The v a l u e s .  f o r  e a c h  modi , f ica-  
t i o n  were  t a k e n  f r o m  r u n s  a t  a p p r o x i m a t e l y  18 ,500  f e e t  
d e n s i t y  a l t i t u d e ,  A s t u d y  o f  f i g u r e s  15 and 13 shows 
t h a t  t h e  i n d i v i d u a l  c y l i n d e r  t e m p e r a t u r e s  a r e  more a f -  
f e c t e d  by o t h e r  opcr .a t in ,g  f a c t o r s  t h a n  by c o o l i n g - a i r  

' p r  e s su r  e s . 
T a b l e s  X a n d 1 1  show t h a t  t h e  lower c y l i n d e r  t empera-  

t u r e s  were  o b t a i n e d  where t h e  a v a i l a b l e  c o o l i n g  p r e s s u r e s  
were  a l s o  l o w ,  F i g u r e  1 6  i n d i c a t e s  t h a t  t h i s  e f f e c t  i s ,  
a t  least i n  p a r t ,  t h e  r e s u l t  of small v a r i a t i o n s  i n  t h e  
f u l l - t h r o t t l e  power d e l i v e r e d  by t h e  e n g i n e  f o r  e a c h  
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* 

i n s t a l l a t i o n .  The o b s e r v e d  v a l u e s  o f  b r a k e  h o r s e p o w e r  
and o f  a v e r a g e  c y l i n d e r- h e a d  t e m p e r a t u r e  above f r e e  a i r  
a r e  p l o t t e d  a g a i n s t  t h e  p r o d u c t  of t h e  f r e e r a i r  d e n s i t y  * 

ra-t io and t h e  p r e s s u r e  d r o p  ac ros s  t h e  e n g i n e  i n  i n c h e s  

p e r a t u r e  a r e  s ~ m e w h a t  l a r g e r  t h a n  would n o r m a l l y  b e  ex-  
p e c t e d  f r o m  t h e  amount o f  power v a r i a t i o n  a t  ‘ o d n s t a n t  
O A p ,  I t  i s  p r o b a b l e  t h a t  o t h e r  f a c t o r s ,  s u c h  a8 f u e f -  
a i r - r a t i o  v a r i a t i o n s  be tween  t e s t s  a n d  p o s s i b l y  v , a r t a -  
t i o n s  i n  r o t a t i o n  and  Curbulencle of t h e  a i r  s t r e a m ,  .may 
z l s o  have a f f e c t e d  t h e  t e m p e r a t u r e s .  The v a r i a t i o n s  a re  
n o t ,  however., l a r g e  enough i n  r e l a t i o n  t o  t h e  e x p e r i m e n t a l  
error t o  w a r r a n t  e v a l u a t i o n  o f  p o s s i b l e  c a u s e s .  

F of  w a t e r .  F i g u r e  1 6  shows t h a t  t h e  t e m p e r a t u r e  v a r i e s  ul 

w i t h  power a t  a g i v e n  a i r  f l e w ,  The d i f . f e r e n c e s  i n  tem- 8 

Ground C o o l i n g  

Time h i s t o r i e s  o f  r e p r e s e n t a t i v e  t e m p e r a t u r e s  ob- 
s e r v e d  d u r i n g  t h e  g r o u n d- c o o l i n g  r u n s  a r e  shown i n  f i g -  
u r e q  1 7  t o  1 9  f o r  t h e  c o w l i n g  w i t h o u t  f a n  o r  c u f f s ,  w i t h  
c u f f s  1, and  w i t h  c u f f s  2. I t  i s  i m m e d i a t e l y  a p p a r e n t  
t h a t  t h e  g r p u n d  c o o l i n g  w i t h .  e i t h e r  c u f f s  1 o r  c u f f s  2 
i s  much improved o v e r  t h a t  ob ta . ined  w i t h o g $  f a n  o r  c u f f s o  

I n  no ca,se were  t h e  c y l i n d e r  he.ad or % a r r e t  t e m p e r a-  
t u r e s  c r i t i c a l  d u r i n g  t h e  g round  r u n s .  Excep t  i n  t h e  
c a s e .  w i t h o u t  f a n  o r  c u f f s ,  c y l i n d e r  kerop,e.r.atures were  
l o w e r  t h a n  far t h e  hbgh-spee.d c o . n d i t i o n ,  

I n  t h e  t e s t  w i t h o u t  f a n  o r  c u . f f ~ . ,  t h e  r e a r - s p a r k -  
p l u g  elbow o f  c y l i n d e r  11 s l i g h t l y  .exp.eeded i t a  l i m i t  o f  
248O F, a f t e r  t h e  e n g i n e  had b e e n  c u t  .off, when c o r r e c t e d  
t o  Army summer c o n d i t i o n s ,  T h i s  e l b o w  u s u a l l y  r a n  t h e  
h o t . t e s t  o f  t h e  s i x  measured on c y l i n d e r s  1,. 7 ,  and 11, 
A f t e r  cu t- of f  i n  t h e  gro.und. r u n  w i t h  t h e  c u f f s  1, however ,  
t h e  rear  elbow t e m p e r a t u r e  of c y l i n d e r  1 exceeded  t h a t  o f  
c y l i n d e r  11, as  shown i n  f i g u r e . 1 8 ,  

Th.e o i l - i n  t e m p e r a t u r e . a l s o  e x c e e d e d  i t s  l i m i t  o f  
1 8 5 O  F when c o r r e c t e d  t’o Army sumrneh . c o n d i t i o n s  d u r i n g  
t h e  t e s t  w i t h o u t  f a n  o r  c u f f s .  
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" C O N  CLU S I  O N S  

w 1, The maximum s p e e d  o f  t h e  XP- 42 a i r p l a n e  was 
a b o u t  1 m i l e  p e r  h o u r  l e s s  a t  t h e  same power and a l t i -  
t u d e  w i t h  t h e  s h o r t - n o s e  l o w- i n l e t - v e l o c i t y  c o w l i n g ,  
w i t h o u t  f a n  o r  c u f f s ,  t h a n  w i t h  t h e  l o n g- n o s e  h i g h - i n l e t -  

p e l l e r  c u f f s  o r  a f a n  on t h e  l o w- i n l e t - v e l o c i t y  c o w l i n g  
c o s t  f r o m  1 t o  4 m i l e s  p e r  h o u r  i n  t o p  s p e e d ,  The a x i a l -  
f l o w  f a n  p r o v i d e d  a h i g h e r  c o o l i n g  p r e s s u r e  t h a n  t h e  
c u f f s  f o r  t h e  same l o s s  i n  s p e e d ,  

00 v e l o c i t y  c o w l i n g  a n d  p r o p e l l e r  cu f f s .  The u s e  o f  p r o -  
!2 
A 

2. The c o o l i n g - a i r  p r e s s u r e  r e c o v e r y  on t h e  f r o n t  
o f  t h e  e n g i n e  i n  t h e  h i g h- s p e e d  l e v e l - f l i g h t  c o n d i t i o n  
a v e r a g e d  76 p e r c e n t  o f  f r e e- s t r e n m  i m p a e t  p r e s s u r e  w i t h-  
o u t  f a n  o r  c u f f s ,  77  p e r c e n t  w i t h  p r o p e l l e r  c u f f s  2, 80  
p e r c e n t  w i t h  p r o p e J l e r  c u f f s  1, and 8 4  p e r c e n t  with t h e  
a x i a l - f l o w  f a n .  C o r r e s p o n d i n g  p r e s s u r e  r e c o v e r i e s  i n  
f u l l - p o w e r  c l i m b  a8 a n  i n d i c a t e d  a i r s p e e d  of 1 4 0  m i l e s  
p e r  h o u r  were  7 4 ,  84 ,  8 4 ,  and  97 p e r c e n t  f r e e- s t r e a m  
i m p a c t  p r e s s u r e .  

L a n g l e y  Nemor ia l  A e r o n a u t i c a l  L a b o r a t o r y ,  
N a t i o n a l  A d v i s o r y  Committee f o r  A e r o n a u t i c s ,  

L a n g l e y  F i e l d ,  V a .  

1. 

2 ,  

3 .  
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J40 mph 

TABLE I11 

AVERAGE PRESSURE RECOVERIES ON FRONT OF ENGINl 

155 rnph 

IArerage  engine f r o n t  p r e s a u r e ,  p /q ,  

1 2 , 0 0 0  f t  .74  

19,000 f t  . 72  
No f a n  nor c u f f s  

-. 

I n s t a l l a t i o n  

*"' I ,76 
. 73  I 

Fan only 
1 2 , 0 0 0  f t  

1 9 , 0 0 0  f t  

1 2 , 0 0 0  ft 

19,000 f t  
C u f f s  1 

Cuf f s  2 
1 2 , 0 0 0  f t  

1 9 , 0 0 0  f t  

I 

Full power c l imb  1 High speed  

0,98 

a 9 2  

0.95 

.92 I 0.84 

I 1 

. a4 

. 8 2  

. a2  

.?a  

I 
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Figure 2.- Gide view of XP-42 +plane with short-none lor-inlet-velocity cowling and 
cuff 1 (teet 12). 

Figure 3.- Cloee-up of cowling with cuff 2, without fan (teat 15).  
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